Introduction
Accelerated losses of old-growth forest and intensive timber production have serious consequences for biodiversity conservation due to the loss of habitats (Folke et al. 2004 ). Deforestation and forest degradation (understood as the decrease in forest quality with respect to the initial condition) also contribute to climate change, as they release between 10% and 15% of global human-induced greenhouse gas emissions (Van der Werf at al. 2009 ). Given a global deforestation rate of about 13 million ha per year, increasing efforts to maintain forests and their biodiversity through improved forest management is an important contemporary issue for several United Nations (UN) conventions. For example, the UN Convention on Biological Diversity sets a global target for restoration of at least 15% of degraded ecosystems by 2020, and the UN Framework Convention on Climate Change proposes to recover degraded forests as carbon sinks (see, e.g., Rametsteiner and Simula 2003; Thompson et al. 2013) .
Forest certification is a voluntary, market-driven instrument whereby an independent third party (called a certifier or certification body) assesses the quality of forest management in relation to a set of predetermined environmental standards and gives written assurance that a product or process conforms to the requirements specified in the standards (Rametsteiner and Simula 2003) . Producers who meet stringent environmental standards can then label their products in the marketplace, allowing them to potentially achieve greater market access and receive higher prices for their products. The general objective of forest certification is thus to provide information to consumers about the quality of forest management in areas from which traded wood products are sourced.
Forest certification has generated considerable attention in forestry as means to address deforestation and forest degradation by promoting improved environmental and social outcomes in forest management criteria (Blackman and Rivera 2011; Romero et al. 2013) . As a consequence, the global area of certified forest has grown significantly. For instance, the global area of certified forest increased from 18 million ha in 2000 to some 438 million ha in 2014. About 90% of the total area certified in 2014 is in the temperate and boreal climatic domains, although there has also been growth, albeit at a slower pace, in the tropics and subtropics (FAO 2015) .
The voluntary nature of forest certification implies, however, that environmental benefits from a certification scheme may be limited if only producers who are already meeting en-vironmental standards opt into certification. Hence, to properly assess the effectiveness of forest certification, we need to account for forest owners who would manage their forestlands in compliance with certification program criteria even without the incentive afforded by program participation. Unfortunately, due to the lack of suitable information, the evidence regarding the impact of forest certification on environmental outcomes using rigorous impact evaluation methods is still very limited and shows that the effects might be context dependent, as the literature finds mixed results. For example, studies indicate that forest certification has reduced deforestation in timber concessions in Indonesia (Miteva, Loucks, and Pattanayak et al. 2015) and Chile (Heilmayr and Lambin 2016) . In contrast, no evidence of certification reducing deforestation has been found under communal land management in Mexico (Blackman, Goff, and Rivera Planter 2015) , or under concessions in Peru and Cameroon (Panlasigui et al. 2015) .
This paper investigates the effects of the two main certification schemes (the Forest Stewardship Council [FSC] , and the Programme for the Endorsement of Forest Certification [PEFC] ) on forest degradation in Sweden-the country with the largest total area of certified forest in Western Europe (UNECE/ FAO 2012) . A key feature of our research is that unlike previous studies, which use remote-sensing data sources, we use detailed forest inventory data of nonindustrial private forest owners at the plot level both before and after felling. This ground information is able to capture subtle changes in the amount and composition of the forest in small areas with higher precision than remote data sources, thus providing more precise estimates of the effects of forest certification (Vincent 2016) . Furthermore, in contrast to previous studies analyzing the effects of forest certification on the rates of deforestation, we focus on the effects on avoided degradation.
Study Context
Sweden's boreal forest has experienced radical human-induced changes since the beginning of industrialization. Ecological structures such as large, dead, and deciduous trees have been removed from the forest, and natural processes have been suppressed, leading to ecosystem degradation. Current evidence indicates the need for restoration, because the intensification of forest management to enhance wood production has reduced forest biodiversity and resilience (Gauthier et al. 2015; Nordlind and Östlund 2003) .
Indeed, forestry is a key economic activity that represents around 11% of Swedish total employment and exports (RSAAF2015). Fifty-seven percent of the Swedish land area is productive forest, where Norway spruce and Scots pine are the dominant species with 78% of the standing volume, and the harvest's final use is mainly pulp, paper, and sawn timber production. Most of these products are exported, giving Sweden a top place within the world's leading exporting countries in the forest industry (RSAAF2015). Mechanized clear-cutting is the dominant management system, resulting in an evenly aged forest, and it is typically subcontracted. Harvest is followed by compulsory reforestation, which is mainly done by manual planting (also subcontracted) or by natural regeneration (RSAAF2015).
There are several stakeholders in the sector, including around 330,000 private owners who are the base of the system, as they own half of the productive forest area and 60% of the total annual yield in Sweden (Swedish Forest Agency 2014). The other major category is private sector companies, with 25% of the productive forest (Swedish Forest Agency 2014). It is common for individual owners to supply industrial enterprises and to belong to a forest association, where they obtain advisory services and representation in forest policy (RSAAF 2015) .
The timber market in Sweden is less regulated than in most other countries, and forest management is based on a "freedom with responsibility" and "soft governance" policy that includes wide-ranging discretion for forest owners to manage their forests (RSAAF 2015) . Still, conservation targets are a priority policy issue. The Swedish Forestry Act states that environmentally important areas must not be damaged or destroyed during felling.
In particular, sensitive habitats, unusual trees and shrubs, and buffer zones have to be Land Economics kept intact. Sensitive habitats are areas with high natural values deviating from the evenly aged production forest. Unusual trees and shrubs are those that have had time to develop some form of natural value, for example, older, slow-growing, large, or rare trees. Buffer zones and riparian zones are areas important for the conservation of species diversity in the forest floor, wetlands, lakes, and streams. The Swedish Forest Agency provides forest owners with detailed information about the definition of these categories, including, for example, illustrative pictures to facilitate their identification on the ground (Swedish Forest Agency 2010).
Two certification schemes operate in Sweden. FSC certification was launched in 1998 when a working group comprising different forest stakeholders, including the NGO Swedish Society for Nature Conservation, introduced a national standard based on the international FSC guidelines. In contrast, the PEFC started in 2000, driven by private forest owner associations (see Johansson and Lidestav 2011) . The FSC initially targeted large-scale forest companies, while the PEFC focused on small-scale private forest owners. However, at present, both standards certify any scale of operations from a minimum of 0.5 ha and are very similar in terms of requirements.
It is estimated that 50% of all productive forestland is certified under the FSC and 48% under the PEFC (RSAAF 2015) . It is possible to hold both certifications simultaneously. Important for our research is that all major largescale companies are FSC certified, making it difficult to identify the impact of certification on these contracts due to the lack of a control group. Therefore, our analysis focuses on nonindustrial private forest owners, of whose land only around 17% is certified (Johansson and Lidstav 2011) .
Adherence to forest certification is voluntary, and the only eligibility requirement is to have productive forest with management purposes. However, the forest owners face transaction costs associated with the certification process. Information collected through a phone survey suggests that costs range between a one-time payment of around €1,900
and an annual fee of €210. 1 Because the scale of operations is typically small for nonindustrial private forest owners, they opt for group certificates to reduce transaction costs. 2 It is through this scheme that timber suppliers for companies, associations, and larger private owners are certified. In all cases, the certification is valid for 5 years, after which renewal is possible upon request.
Whereas FSC and PEFC Sweden set the standards, in practice seven certifiers manage the certification. These certifiers are authorized by accreditation organizations, namely, Accreditation Services International (ASI) for the FSC and Swedish Board for Accreditation and Conformity Assessment (Swedac) for the PEFC. The certifiers are responsible for monitoring compliance with the standard and are themselves inspected by the accreditation organizations. For the group certificates, the lead contract holders also monitor their respective members through annual spot checks.
The accreditation organizations, too, make random spot checks of certified forest every year to verify that the certification standards are followed. In case of violation, a corrective action request (CAR) is issued, allowing for up to 12 months to remedy a small deviation and up to 3 months for a large one. After this, if the CAR is not attended to, the forest owner loses the certificate. Uncorrected or serious violations of a single member within a group certificate leads to its exclusion from the certificate. A report by the World Wildlife Fund (Hirschberger 2005) analyzed the public reports of the CARs over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] 1 Exchange rate for euros to Swedish krona (SEK) is 9.15. These estimates are based on 65 valid answers, 50 of which reported having made a one-time payment of SEK 17,421 on average, and the other 15 reported an annual fee of SEK 1,925 on average. These figures must, however, be interpreted with caution since there is great variation in the responses (e.g., for group certificates, the direct costs are determined by each group certificate organization separately, and the costs consist of an affiliation fee and a yearly fee). Depending on the size of the forest, the affiliation fee ranges from SEK 550 to SEK 2,500 and the yearly fee from SEK 300 to SEK 3,000 (Prosilva Skogscertifiering AB 2015).
2 Small forest owners (with forest properties less than 1,000 ha of productive forest land) can be part of a group certificate. The organization in charge of the group certificate is responsible for a large part of the administrative work, which makes it easier for small forest owners to participate. At the moment there are 14 such organizations. and concluded that most CARs in Sweden concerned environmental issues, and most of the major transgressions concerned the failure to leave biodiversity trees and dead wood, as well as the lack of conservation of habitats and biotopes.
Timber prices vary greatly depending on factors such as tree species, timber quality, infrastructure, and geographical location. Although precise statistics are hard to obtain, explorative figures suggest that certified timber has a price premium of up to 5%, according to figures reported by the Swedish Forest Agency (2014) and publicly available information on the websites of some forest owners associations and industrial companies. 3 Forest owners may also view certification as a way to establish a competitive advantage in the forest product marketplace. Certification may create opportunities to access new markets that favor certified forest products. For example, green building and publishing companies give preference to certified wood products, and these markets are growing in popularity (European Commission 2011). Indeed, demand for certification is also driven by legislation like the Lacey Act (United States) and FLEGT (Europe), which stipulate that only certified timber can be traded on these markets.
Methods
We investigate three key environmental outcomes on which certifications are expected to have an impact. First, we look at the effect of 3 For instance, if we consider that the average price of Norway spruce sawlogs corresponded to SEK 466/m 3 , the price premium corresponds to SEK 23.3/m 3 (Swedish Forest Agency 2014). Also, the forest owner association Södra Skogsägarna and the large forest owner Holmen explicitly state the price premium to FSC-certified wood on their websites. Södra Skogsägarna pays an extra SEK 10/ m 3 for wood that is certified by either FSC or PEFC, and SEK 20/m 3 if certified by both. Holmen pays SEK 10/m 3 for FSC-or PEFC-certified wood and SEK 20/m 3 if certified by both in Östergötland and Småland. In other areas (e.g., Södermanland and Västmanland) Holmen pays SEK 5/m 3 . Translated into percentages, the price premium of FSCcertified (or PEFC-certified) wood for Södra Skogsägarna ranges between 1.64% and 2.08%. The price premium of wood certified according to both FSC and PEFC ranges between 3.17% and 4.17%. For Holmen, the respective ranges are between 0.90% and 1.98%, and 3.00% and 3.97%. certification on the preservation of environmentally important areas during felling, a criterion that is at the core of the environmental principles of the certification standards (FSC 2009 (FSC , 2010 (FSC , 2013 . Second, we look at the number of trees and high stumps remaining in the plots 5 to 7 years after felling. High stumps have many important functions, as food resource, habitat, or shelter (Söderström 2009 ). Because of the ecological value of these remainders, the certification standard encourages forest owners to leave both living wood and high stumps after clearing. Finally, we look at the certifications' requirement to set aside at least 5% of the total forestland for conservation purposes. Setaside areas are considered a cost-efficient way to conserve biodiversity in managed and fragmented forest landscapes because they provide increased structural variation and availability of habitats and substrates and improve species' dispersal abilities and long-term survival in the forest landscape (Timonen et al. 2011; Wikberg et al. 2009 ).
Data

Environmentally Important Areas
In Sweden, all forest owners must submit a notification form to the Swedish Forest Agency before felling. On average, the agency receives 40,000 notifications from nonindustrial private forest owners per year. From this pool, the agency selects a random sample of plots for ground inspection. 4 During this unannounced field visit, inspectors conduct a forest inventory of the plot. One growing season (around one year) after the felling, the agency returns to the same plot and conducts another inventory to assess the new conditions. The Swedish Forest Agency condenses this information in a dataset called "consideration monitoring" (formerly called Polytax 0/1, where 0 stands for the data collected before the felling and 1 for the data collected one year after). 5 The main purpose of the dataset is to assess the environmental considerations applied during the felling. It includes precise measures of the environmentally important areas defined by the Swedish Forestry Act and required by the certification standards. We define the total environmentally important area as the sum of the areas with sensitive habitats, buffer zones, and unusual trees and shrubs. 6 As these areas are measured by the inventory both before and after clearing, we can observe the magnitude of the reduction in the total environmentally important area for each plot.
From this measure, we define our outcome variables. First, we classify the plots depending on their compliance status. A plot is under compliance if all its environmentally important area was maintained during the felling. In contrast, a plot is not compliant if there is a reduction in the environmentally important area. Hence, the noncompliance rate is defined as a categorical variable taking the value 1 for any positive reduction in the relevant area, and 0 if there is no change. Second, we look at the magnitude of the damage in hectares, measured as the difference in total environmentally important area before and after clearing. 7 Finally, we consider the magnitude of the damage in relative terms, namely, as a share of the total environmentally important area before clearing. This is important because there could be substantial variations in 5 This and the other Swedish Forest Agency datasets used in our analyses can be obtained directly from the agency by contacting Andreas Eriksson, Forestry Manager, Swedish Forest Agency, Policy and Analysis Unit, Gothenburg, Sweden. 6 We convert the number of unusual trees and shrubs into area multiplying by a factor of 0.0025, as suggested by the SFA.
7 Importantly, the distribution of the area cleared defined in hectares is positively skewed. The bulk of the data are concentrated on the left-hand side of the probability distribution, with 35% of the observations concentrated at the zero value and another 60% between zero and 1 ha. As a robustness test, we use the inverse hyperbolic sine transformation of the area cleared, defined as log[y+(y 2 +1) 1/2 ], where y is the area cleared in hectares. Unlike the log transformation, this function avoids eliminating data as it is defined at zero values. the magnitude of the environmentally important areas across plots. Our hypothesis is that if forest certification promotes a more sustainable management of the forest, both the compliance rate and the magnitude (in absolute and relative terms) of environmentally important area left after clearing should be larger (and positive) for certified forest owners.
Trees and High Stumps Left
The second dataset utilized is called "regeneration monitoring" (formerly named Polytax 5/7). It is based on a different sample of randomly chosen plots than the consideration monitoring dataset, and it is also collected by the Swedish Forest Agency, with the aim of assessing regeneration conditions five years after the felling (in the south of Sweden) and seven years after the felling (in the north of Sweden). The added value of this dataset is that it includes measures of two additional outcomes that are relevant in terms of ecological value, which allows for a more comprehensive analysis of the certification effects. In particular, we consider the number of trees and high stumps left (per cleared hectare) and the corresponding probabilities of noncompliance. As the certification requires leaving at least 10 trees and 3 high stumps, we define noncomplying plots as those with less than these numbers of trees per cleared hectare.
Phone Survey
For the purpose of our analysis, a key variable missing in these two datasets is whether the plot has adhered to a certification scheme. This missing information is what has prevented them from being used in previous analyses of the impacts of the certification program in Sweden. To collect such information, we conducted a phone survey 8 in which forest owners were asked about their certification status, date and type of certification, and participation in forest associations (see Appendix Figure B1 for the survey questionnaire). In addition, we asked forest owners for their main motivation for being or not being certified, in-formation we present in Appendix Table B1 . The fact that 45% of the respondents declared that they obtained the certification because it is economically viable is consistent with the benefits expected from the certification, namely, price premium and access to markets.
Set-Aside Areas
The last database utilized in our study corresponds to the set-aside area survey conducted by the Swedish Forest Agency. In the survey, a random sample of small and medium-size forest owners was selected for a phone survey asking specifically about forestland voluntarily set aside for conservation purposes. Even though these data have been collected several times since 1996, we focus on the survey conducted during 2009-2010 because it is the only survey that has included the certification status of the forest owner.
As mentioned above, the units of observation are small and medium-size forest owners (including social and local associations, as for instance, municipalities, foundations, religious communities, and economic associations). The survey includes information on the municipality in which the land is located, whether there are voluntary set-aside areas, the size of voluntary set-aside areas, whether the forest owner is certified, and if so, for how long. We complemented this dataset with information from the Swedish Forest Agency on the total area that the forest owner owns within a municipality. With this information, we define the share of total land that is set aside voluntarily for conservation purposes. We then compare whether the average shares of set-aside areas differ between certified and noncertified forest owners.
Unfortunately, the data in this survey do not include sufficient information on other characteristics of the land or the forest owners for us to use as control variables. Fortunately, location allows us to control for some of the geographical variation, and size of the plot allows us to control for variations in the opportunity cost of setting aside areas for conservation purposes, as opportunity cost might vary with scale. Nonetheless, our results should be interpreted with caution, since the observed differences in the share of set-aside area could be explained by other characteristics omitted from this analysis due to lack of information.
Descriptive Statistics
Environmentally Important Areas
We base our analysis of the effect on the environmentally important areas on the plots included in the consideration monitoring dataset during the period 1999-2011 for nonindustrial private forest owners under the category of regeneration felling. The total number of plots inspected during this period and under this category was 3,037. In Table 1 , we describe this sample, after excluding 1% of the observations due to missing or invalid information on key variables. The average plot size is 6.7 ha, of which 10.5% is environmentally sensitive area. This small proportion is not surprising, as most of these areas are mainly productive forests. Furthermore, we observe that on average the area of environmentally important areas decreases by roughly 30% after clearing.
Interestingly, the share of the sample that does not comply with the requirement of protecting all environmentally important area is 64%, 9 and the average damage is 0.2 ha (29%) of the initial environmentally important area. This is not a negligible amount if we consider that the Swedish Forest Agency receives around 40,000 notifications of felling every year, which results in over 8,000 ha of environmentally important areas being cleared annually. If we consider the noncompliers only, we find that this group clears on average 42% of the initial environmentally important area. Table 1 also presents some basic demographic characteristics of the forest owners of the plots included in the sample. The average plot is legally under the property of a 60-year-old male who lives in or close by the plot and makes counseled decisions regarding the forest management. 
Villalobos, Coria, and Nordén: Forest Certification in Sweden
From the consideration monitoring dataset, we successfully collected information for 1,412 plots (response rate 45%) through the phone survey. 10 From this sample we obtained 763 observations with complete information regarding the certification status and other key variables. 11 In Table 1 we compare this subsample with the full consideration monitoring dataset in order to assess whether it is representative of the entire sample of inspected plots. We include both the mean value for each characteristic and a statistical test for the difference in means with respect to the full sample. We observe that the average plot is identical in both samples in terms of size, environmentally important areas, and noncompliance rate and magnitudes. The plots are also balanced in terms of geographic location, as we find no systematic differences in the proportion of observations per county between the subsample and the full consideration monitoring dataset. It is reassuring that the plots in our sample mimic the population of inspected plots at least in the characteristics relevant for our analysis.
However, as might be expected from a survey conducted by phone, we do find differences in the demographics of the forest owners. For example, in our survey, the respondents are on average 1.3 years older compared to the full sample, and we obtained a smaller proportion of female forest owners. To the extent that certification status depends on demographics, these differences could introduce some bias into our sample. For example, if female forest owners are more likely to be certified than males, our sample could misrepresent the share of certified forest owners in the full sample. We correct for selection bias by including the variables that control for 10 It was not possible to contact the other 28% of the listed forest owners because of several other reasons, including unidentified, wrong, blocked, or nonexistent phone numbers.
11 In particular, we dropped (1) observations lacking information on certification status or year of certification (183 observations), (2) outliers and observations with missing values on key variables (58 observations), (3) observations with unknown certifier label (226 observations), and (4) plots cleared before the owner obtained the certification (182 observations). However, results hold if we consider plots certified at any time by any label (714 observations), a sample that is comparable with how the regeneration monitoring dataset was constructed. sample selection. In addition, in Section 4 we present a robustness test where we show that the results are robust to a Heckman (1979) sample selection model.
Using the information on the type and date of certification, we classify the observations that were certified at the moment of clearing into four treatment groups and one control group. Treatment 1 is the most general and includes all plots with at least one certification at the moment of clearing, regardless of type and whether they add the other certification after felling (247 observations). We also look at the effect of each standard independently by defining Treatments 2 and 3. Treatment 2 includes plots that were FSC certified at the moment of clearing that were not certified according to PEFC after felling (53 observations). Similarly, Treatment 3 includes plots that were PEFC certified at the moment of clearing, with no FSC certification after felling (75 observations). Finally, Treatment 4 contains plots holding both certifications at the moment of clearing (82 observations). The control group comprises plots not certified during the entire period of analysis (516 observations). In Table 1 we can see that the rate and magnitude of noncompliance is lower for certified plots. The rest of the statistical analysis is devoted to analyzing whether this difference is statistically different from zero and whether it can be attributed to the certification.
We describe further our final sample in Appendix Table A1 , where we present the descriptive statistics of the set of control variables that will be useful in estimating the causal effect of certification. These are characteristics that could explain the quality of forest management and be correlated with the certification status. In particular, we account for geographic characteristics of the plots, including the plot area, soil quality, density of roads in the municipality, and county. In a fairly homogeneous landscape, as in the Swedish case, these variables are expected to capture most of the variation in the productivity of the plots and their connectedness to markets.
In addition, we include characteristics of the forest owners that could determine their certification status, including participation in forest associations, and demographics such as education level, gender, age, experience, and Land Economics how involved the forest owners are in forest management (measured by whether they live close to the plot and by whether they make decisions on their own as opposed to with peers). These variables are expected to capture differences in the level of environmental awareness and access to information. Note that participation in forest associations reduces the transaction cost and up-front payment to become certified, and hence it is expected to play an important role in the probability that a forest owner becomes certified.
Slightly over one-third of the forest owners in our sample completed high school, and most of them have at least six years of experience managing the forest. In terms of participation in forest associations, 40% of the sample does not belong to any association, whereas 23% belongs to the southern forest owners' association and 16% to the central forest owners' association. Most of the plots have medium soil quality, which is a measure of the forest growth rate per unit of time.
Trees and High Stumps Left
Our analysis of the trees and high stumps left is based on the 2,616 observations in the regeneration monitoring dataset for the period 1992-2010. In Table 2 , we describe this sample, after excluding 1% of the observations due to missing or invalid information on key variables. The average plot size is 6.7 ha, the same size as the average plot in the consideration monitoring dataset. On average, forest owners leave 8.8 trees and 1.4 high stumps per hectare of cleared forest, which is less than the numbers required by the certification. Also, the rate of noncompliance with the expected density is 71% for trees and 82% for high stumps. These rates of noncompliance are by all means high but consistent with reports, indicating that failure to leave biodiver- Note: "All sample" refers to the complete sample of plots under the category of nonindustrial private forest owners that are randomly selected by the Swedish Forest Agency for forest inventory and monitoring both before and after clearing during the period 1999-2011. We excluded 1% of the observations due to missing or invalid information in any of the variables presented in this table.
p < 0.10; ** p < 0.05; *** p < 0.01. sity trees and dead wood is the most common transgression of certification standards (see Hirschberger 2005) . Noncompliers leave only 3.3 trees and 0.5 high stumps per hectare, on average. Notably, the profile of the forest owner is consistent with the one for the consideration monitoring dataset. Through the phone survey, we successfully collected information for 1,231 plots (response rate 47%). After removing observations lacking information regarding certification status or felling year, and outliers and missing values, we obtain a final sample of 1,065 observations. In Table 2 , we compare our final sample with the characteristics of the full regeneration monitoring dataset. Similarly to the consideration monitoring dataset analysis, we find that our final sample resembles the population of inspected plots in terms of size, and noncompliance rate and magnitude. However, once again we find differences in the demographics of the forest owners, which is not surprising as the sampling procedures for both databases are similar. Interestingly, the direction of the differences is analogous to those in the consideration monitoring dataset, as for example, there are fewer females and older owners in our sample.
As with the previous analysis, we classify the observations according to their certification status at the time of clearing. Due to a small sample size in each of the categories previously defined, in this case we define only one treatment and one control group. 12 The treated group corresponds to all plots ever certified (619 plots). This slightly modifies the interpretation of the results as we cannot control for the type of certification. In the control group, we include the 446 plots that were not certified during the period of analysis.
Set-Aside Areas
Altogether, the set-aside dataset includes 327 small and medium-size private forest owners who participated in the survey. We exclude forest owners with missing information or no set-aside areas, for a final sample size of 283 (86%) observations with valid information on the variables of interest. Of those, 95 observations do not hold a forest certification, 57 are certified by the FSC, and 131 are certified by the PEFC. Table 3 presents descriptive statistics for the relevant variables. We observe that on average, forest owners set aside 8.8% of their forested area for conservation purposes, which is higher than the 5% required by the standard. Moreover, approximately 60% of our sample set aside more than 5% (on average 13%), while 40% set aside less than required by the standard (on average 3%). We also observe that certified owners have smaller forest area but set aside a higher proportion compared to noncertified owners. However, this difference in not statistically different from zero (see Section 4).
Empirical Model
Our treatment assignment is not random, since the certification program is voluntary. In this case, the challenge when trying to identify the causal effect is that if certified plots are systematically different from the uncertified group, we cannot attribute all the potential differences in the outcomes to the certification status. Rather, these differences could be explained by other factors, commonly referred to as confounders.
Appendix Tables A2 and A3 present the normalized differences in covariates between the control and treated groups for the consideration monitoring and regeneration monitoring datasets, respectively. For each characteristic, the normalized difference is defined as the difference in averages by treatment status, scaled by the square root of the sum of the variances. The normalized differences provide a scale-and sample size-free way of assessing overlap, and compared to the t-statistic, this metric is more useful for assessing the magnitude of the difference between the groups (Imbens 2015) . As a rule of thumb, values above 0.25 indicate that the difference between the groups is substantial, and hence, linear regression methods tend to be sensitive to the specification (Imbens and Rubin 2007) . We also report the t-statistic for the difference in means as a reference.
Land Economics
In Panel A of Appendix Table A2 , we observe that even when the groups are statistically different in many of the characteristics, the magnitude of the difference is substantial only for the covariates related to the geographic characteristics of the plots and participation in forest associations. In particular, there are substantial differences in the quality of the soil, and there is lower road density in the control group. From this analysis, we can conclude that because some of the covariates differ substantially between the treated and control groups, the conventional ordinary least squares (OLS) analysis could be sensitive to specification and outliers (Imbens 2015) .
Similar patterns can be seen for the regeneration monitoring dataset analysis (see Appendix Table A3 ), where the magnitude of the difference is substantial only for the covariates related to road density and participation in forest associations.
To account for the potential selection bias, we first fit an OLS regression in which we control for observed heterogeneity by including the covariates:
where Y ijt is the outcome for the ith plot located in the jth county felled in year t. For the analysis of the environmentally important areas, we test different definitions for the outcome: the cleared area (measured in absolute and relative terms) and the noncompliance rate. As the cleared area follows a log-normal distribution, we also show the results with the inverse hyperbolic sine transformation as outcome (see footnote 7). Note that by defining the cleared area in relative terms, we include only those plots with a positive initial value of environmentally important areas. For the analysis of the number of trees and high stumps left after felling, we define the dependent variable as number of trees left per cleared hectare, and we also consider the noncompliance rates. Both in the case of the analysis of environmentally important areas and in the case of the number of trees and high stumps left, the coefficient of interest is β 1 , which measures impact of certification on the outcome. Treatment is a dummy variable taking the value 1 if the plot is certified and otherwise 0, according to the previously defined treatment groups. Z is a vector of L forest owner characteristics, and X is a vector of M plot characteristics. j γ , t η are county and felling year fixed effects, respectively, and u ijt is the error term. We estimate this model with OLS, where β 1 captures the average treatment effect, but the results also hold with nonlinear probability models (probit). We also present the average treatment effect on the treated (ATT) with OLS, following Wooldridge (2010) . The ATT estimator finds the average treatment effect for the certified plots and is useful for comparing the results with the matching estimator (see below). In addition to the OLS estimator, we use matching to construct a control group that mimics the treated group in all relevant observable characteristics. This matched control group is intended to resemble the counterfactual, in other words, what would have happened had the treated group not received the certification. One advantage of matching over OLS is that the results are less sensitive to the specification of the functional form (see, e.g., Imbens 2015) .
Following Imbens (2015), we first preprocess the data in order to obtain a more balanced sample. This will ensure that the results are more robust with any estimator (see, e.g., Rosenbaum and Rubin 1983; Imbens 2015) . We trim the sample based on the propensity score matching estimated using one neighbor, a caliper of 0.01, and all covariates listed in Appendix Tables A2 and A3 in addition to county and year fixed effects. We choose this caliper value to select the observations that are closest in terms of propensity score in order to reduce the selection bias (Caliendo and Kopeinig 2008) . In trimming the sample, we also drop treatment observations whose propensity score is higher than the maximum or less than the minimum propensity score of the controls.
This procedure dropped 54 (22%) and 66 (11%) treated observations for the consideration monitoring and the regeneration monitoring datasets, respectively. 13 In both cases, observations with a propensity score higher than 0.94 were dropped in order to ensure overlap (see Appendix Figures B2 and B3) . For the main results we present the results for matching with trimming, but in Appendix Tables B2 and B3 we show the results for the full sample as robustness tests, as well as for alternative methods for trimming the sample and different values of the caliper.
Although in estimating the selection into the treatment model we are primarily interested in obtaining the propensity score values to trim the sample, the results can shed some light on what explains the certification decision. We present the coefficients for treatment assignment in Appendix Table B4 , where we show there is substantial geographic and time variation in the certification rates. In particular, certification is more likely in southern counties and in more recent years. In addition, participation in a forest association is an important predictor, with members having 23% higher probability to be certified compared to nonparticipants.
We then use bias-adjusted covariate matching (CVM) on the new sample obtained after trimming to estimate the ATT (Imbens 2015) . For the CVM we consider one neighbor, and observations are matched using the diagonal matrix of the inverse sample standard errors of the covariates. By using bias-adjusted matching, the estimator will remove some of remaining bias that could result from having unbalanced covariates after matching through a regression on the same set of covariates (Abadie and Imbens 2011). Compared to other matching estimators, CVM has the advantage that the standard errors are consistently estimated (Abadie and Imbens 2006) .
Matching as a strategy to control for covariates is motivated by the assumption that conditional on observed characteristics, the potential outcomes are independent of the treatment assignment. We verify the plausibility of the unconfoundedness assumption in Appendix Table B6 . Also, we verify the sensitivity of our results to the presence of a potential unobserved factor by estimating the Rosenbaum bounds (Rosenbaum 2002) , in Appendix Table B7 . Table 4 presents the main results. In Panel A we address the question: Does forest certification affect the probability and magnitude of compliance with preservation of environmentally important areas during the felling? In columns we compare the results obtained with different estimation strategies, and in rows we specify different definitions for the outcome and for the set of control variables included in the model.
Results
Forest Certification and Conservation of Environmentally Important Areas
In the first column and row of Table 4 , we show the difference in means for the noncompliance rate between the treatment and the control. We observe that certified plots have a 3.7% lower probability of noncompliance compared with noncertified plots, but this difference is not statistically significant. Similarly, we present this test for the other outcomes and observe that although certified plots have a smaller damaged area both in absolute and relative terms, these differences are not statistically different from zero either.
In fact, when we account for the spatial and temporal variability, we find higher but nonsignificant noncompliance rates and magnitudes in the certified group. This result holds when we add additional observed characteristics that could confound the effect, when computing the ATT, and with matching (columns 2 to 5). In Appendix Table B2 we show that these findings are robust whether we trim the sample or not, and to the caliper used to preprocess the data. We note that the magnitude of the coefficients is small in all estimation methods. Hence, even in a scenario of lack of statistical power to detect an effect given the sample size, the magnitudes of the effects suggest a small difference between treated and control groups.
In Appendix Table A4 , we look at the effects of each certification standard separately and test whether there are any differences between them. We also test whether holding both certifications simultaneously has an effect on the outcomes. We compare the treatment effects obtained by OLS including all covariates. We find the same results: there is no evidence that FSC or PEFC certification plots decrease the probability or the magnitude of noncompliance. Also, we observe no difference between the labels.
Thus, our analysis shows no evidence to support the hypothesis that forest certification increases the preservation of environmentally important areas during felling. Furthermore, we find no difference between certification labels. This might not be a surprising result, since the certification requirements by FSC and PEFC are rather similar and the requirements of both FSC and PEFC coincide with those established by the Swedish Forestry Act. This raises, however, questions regarding the supposed added value of multiple certifications and label competition for overall environmental protection. Further, there is the question of the overall compliance with the Swedish Forestry Act and of the reliance on certification schemes to provide additional economic incentives to comply with environmental regulations. Our results show that such incentives are marginal and ineffective.
Forest Certification and the Number of Trees and High Stumps Left
To analyze the effects of forest certification on the number of trees and high stumps left, we conduct a similar analysis as in the previous section. We present the results in Panel B of Table 4 , where we present the results for the number of trees left and the noncompliance rates, with both OLS and matching estimates on the full and trimmed sample. A simple difference in means test shows that more trees are left and noncompliance is lower in certified plots. However, these differences vanish once we account for the spatial and time variation. When controlling for additional covariates and computing the matching estimators, we consistently find zero effect of certification on the outcomes.
Together, these results suggest that there is no evidence that certification has a significant effect on the noncompliance rate or on the number of trees or high stumps left. This is a disappointing result, because while scientific studies have shown that there is no generally accepted single threshold value for the proportion of deciduous trees required for conserving viable populations of species (Johansson et al. 2013) , nevertheless, most studies suggest thresholds that are much higher than those established by the Swedish Forestry Act and certification schemes (see, e.g., Bütler et al. 2004; Ranius and Fahrig 2006) . The lax requirements by certification schemes and the lack of compliance with them can have significant detrimental effects on the survival Tables A2 and A3 , respectively, and county and year fixed effects. The sample includes 21 counties and 13 years. Reported standard errors are robust (White 1980) for OLS, and Abadie and Imbens (2006, 2011) for covariate matching. ATT, average treatment effect on the treated; CVM, covariate matching; FE, fixed effects; IHS, inverse hyperbolic sine transformation; OLS, ordinary least squares. p < 0.10; ** p < 0.05; *** p < 0.01.
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of species dependent on continuous input of dead wood at stand level. Moreover, our results suggest that in order to mitigate the effects of forest management on biodiversity and improve the situation for threatened forest species, the levels in the Swedish Forestry Act and certification standards need to be adapted to the current knowledge on habitat demands and thresholds for demanding species.
Forest Certification and Set-Aside Areas
Finally, our results show that on average, certified owners set aside 8.8% of the land. This share is higher than the 5% required by the certification schemes but is not statistically different from the 7.3% left by noncertified forest owners (see Appendix Table  A5 ). Furthermore, we explore whether there are differences between certification types. FSC-certified forest owners set aside 0.9% more area than noncertified forest owners; the corresponding figure for PEFC-certified forest owners is 2.8%. However, these differences are again not statistically significant at conventional levels-even when we control for geographic location by including the forest area and county fixed effects-pointing to a lack of incremental effect of forest certification on the size of the areas set aside for conservation purposes. This is, again, a disappointing result, since fragmentation is a major reason for the declining biodiversity in forest ecosystems (Haddad et al. 2015) . Besides decreasing habitat area, fragmentation results in increasing isolation of suitable habitats, increasing exposure to negative edge effects, and reducing the provision of forest ecosystem services (see, e.g., Chaplin-Kramer et al. 2015) .
Robustness Checks
Sample Selection Bias
We test whether selection bias affects our results, as roughly half of the sample did not complete the survey through which we obtained the forest owners' certification status.
To account for the systematic differences in the demographic characteristics of the forest owners in our sample with respect to the original consideration monitoring and regeneration monitoring datasets, we use the twostage Heckman model (Heckman 1979) for both datasets. We first use the entire sample of forest owners to estimate the probability that the survey would be completed. The dependent variable takes the value of 1 if the survey was completed and zero otherwise. As explanatory variables, we include demographic variables that could explain the response rate and that are available for the entire sample, namely, gender, age, and owner present. In the second stage, we correct for selectivity bias by including the inverse Mills ratio obtained from the first stage in the deforestation equation, all control variables related to the geographic characteristics, participation in forest association, education, experience as forest owner, and county and year fixed effects. The assumption is that the variables gender, age, and owner affect the outcomes only through their role in the sample selection, conditional on the variables included in the second stage. This is a reasonable assumption, as we are already controlling for characteristics that determine environmental awareness and access to information, such as education, experience, and participation in forest associations. We present the results in Appendix Table  B5 , where we show that for both analyses, the Heckman selection model finds an effect of the certification almost identical to that of OLS with all covariates (column 3 in Table 4 ). Furthermore, in all cases the lambda parameter is not significantly different from zero, which suggests that unobserved factors that make participation in the survey more likely are not associated with forest management.
Unconfoundedness
Following the test proposed by Imbens (2015) , we perform an analysis of the plausibility that our matching method meets the unconfoundedness assumption. We test whether the method results in a sample that is as good as random conditional on the covariates. In Appendix Table B6 we present the treatment effect for three "pseudo-outcomes": area of the plot, gender, and age. We follow the same procedure as presented in Section 3 for the core results. First, we preprocess the sample matching on the propensity score ob-tained with the remaining covariates, and then we use CVM on the trimmed sample to obtain the ATT, which is known a priori to be zero. For the consideration monitoring dataset analysis, we observe that we cannot reject the null hypothesis of zero effect on all the pseudo-outcomes with the full sample, whereas with CVM after trimming, all three "pseudocausal effects" are not statistically different from zero. This result indicates that trimming the sample indeed makes the results more robust to the unconfoundedness assumption. For the regeneration monitoring dataset analysis we find that the unconfoundedness assumption is plausible both for the full and the trimmed sample.
Sensitivity Test for Selection on Unobserved Factors
We report the Rosenbaum bounds (Rosenbaum 2002) for hidden bias in Appendix  Table B7 , following the routine for binary outcomes proposed by Becker and Caliendo (2007) . This analysis shows how strongly an unobserved factor must affect the selection into the treatment in order to invalidate the matching estimates. When gamma is equal to 1, we are under the no hidden bias scenario, and the test statistic shows that there is no effect of certification on the noncompliance rate. If we have a negative unobserved selection, so that compliers do not get certified, our estimated treatment effect underestimates the true treatment effect. In this case the Qmh statistic is too low and should be adjusted upward. Appendix Table B7 shows the Mantel-Haenszel statistic for the assumption of underestimation of treatment effect and the corresponding significance level. Overall, we can see that our analysis is fairly robust, as at relatively small values of gamma the result of zero impact holds. For the analysis of the effect of the certification on the noncompliance with the environmentally important areas, our estimates are robust to unobserved factors that increase the odds of certification by a factor of 2.2. Similarly, our analysis of the effects of certification on the compliance with the number of trees left per cleared hectare is robust to unobserved factors that increase the odds of certification by a factor of 1.8.
Conclusions
Reconciling timber production with biodiversity protection in private forest is a challenge since the supply of biodiversity usually goes unrewarded by markets, and protection of biodiversity comes at an opportunity cost to forest owners. This makes it unlikely that biodiversity protection will be achieved in the absence of further incentives to compensate forest owners for the potential productivity losses. Forest certification has been proposed as an alternative to provide assurance to a mass of environmentally concerned consumers that certified forest products come from a forest managed to maintain and/or enhance biodiversity protection.
In this paper, we investigate the effects of the two main forest certification schemes in Sweden-FSC and PEFC-on three key environmental outcomes embedded in the certification standards, namely, environmentally important areas preserved during felling, number of trees and high stumps left after felling, and area set aside for conservation purposes. These environmental outcomes are relevant to avoid forest degradation and to ensure sustainable management of boreal forests. The joint consideration of all these environmental outcomes delivers a more complete assessment of the overall environmental impact of certification.
We found that 64% of the inspected plots do not comply with environmental considerations, implying that most sensitive habitats are not saved during felling. Furthermore, our main result is that, compared to the performance of similar noncertified forest owners, certification has not led to any additional improvements in these outcomes, and hence it has not contributed to reducing forest degradation in Sweden.
We conclude that although certification as a sustainable forest management policy is rewarded with price premiums and improved market access, certified forest owners are not significantly more likely to preserve areas of high conservation value or to increase the magnitude of the areas that are set aside for conservation purposes. Furthermore, there is no difference between the certification schemes, which is not surprising given the similarity of the standards. In contrast, the geographic location of the plots, soil productivity, and participation in forest associations seem to be key factors explaining compliance with certification standards and the selection into treatment.
Our results are robust to the model choice and to various alternative definitions of the treatment and outcome variables. They contribute to the evidence that forest certification is generally not associated with increased environmental benefits (see, e.g., Blackman, Goff, and Rivera Planter 2015; Panlasigui et al. 2015) . Nevertheless, in contrast to previous studies that have focused on deforestation, our study provides evidence of the lack of effect of certification on avoided degradation vis-à-vis the performance of comparable noncertified forest owners.
Furthermore, while previous studies have analyzed the effects of certification in the context of developing countries, we focus on the case of Sweden, a developed country with the largest total area of certified forest in Western Europe. We acknowledge that national forest certification standards are the result of voluntary negotiations among stakeholders with different goals and power, and, hence, are context dependent, because countries and regions have different forest-industrial regimes. Nevertheless, the fact that empirical evidence has shown that the effects on certification are limited both in the context of developing and developed countries raises concerns about the role of forest certification as a tool to promote sustainable forest management practices.
Our results indicate that, if forest certification in Sweden is to have an effect, it needs to become more stringent, not only when it comes to the standards but also in terms of monitoring and enforcement, because neither certified nor noncertified owners are in compliance with the environmental outcomes studied in this paper.
Indeed, even though identifying the mechanisms that explain our results goes beyond the scope of our analysis, the high rates of noncompliance might be the result of the lack of clear definitions and quantifiable measures in the Swedish Forestry Act regarding what constitutes sustainable forest management.
Although the Swedish Forestry Act states that preservation of natural and environmental values should be prioritized to the same extent as forest production values, the lack of clear and quantifiable measures makes it difficult for the certifiers to implement standards that are stringent enough and legitimized by society.
